Introduction
============

Lung cancer is a leading cause of death worldwide.[@b1-copd-13-2139],[@b2-copd-13-2139] Lung cancer and chronic obstructive pulmonary disease (COPD) are interrelated diseases, and several epidemiological studies have shown that patients with COPD have an increased risk of developing lung cancer.[@b3-copd-13-2139]--[@b6-copd-13-2139] The prevalence of COPD was reported to be 40%--70% in lung cancer patients, and COPD is a significant risk factor for the development of lung cancer.[@b7-copd-13-2139],[@b8-copd-13-2139] Furthermore, COPD and emphysema were reported to be independent risk factors for the development of lung cancer.[@b6-copd-13-2139],[@b9-copd-13-2139]

The results of previous studies regarding the impact of COPD on the prognosis of lung cancer were inconclusive. Gao et al's recent meta-analysis of 26 papers showed that COPD and emphysema were predictors of poor survival in patients with lung cancer, with poorer overall survival in lung cancer patients with COPD.[@b10-copd-13-2139] A study by Izquierdo et al showed that COPD did not influence overall survival in cases of advanced lung cancer.[@b11-copd-13-2139] Negative effects of COPD on the postoperative outcomes of early lung cancer patients undergoing lobectomy have been reported.[@b12-copd-13-2139],[@b13-copd-13-2139] Several previous studies showed that COPD was not a prognostic factor for overall survival in non-small cell lung cancer (NSCLC) patients.[@b14-copd-13-2139]--[@b17-copd-13-2139]

Most previous studies evaluating the correlation between COPD and lung cancer were performed in populations who were heterogeneous in terms of lung cancer stage and treatment modalities.[@b16-copd-13-2139],[@b18-copd-13-2139] Technical developments over the past decade have afforded options for targeted therapy of NSCLC patients, and median survival is longer in NSCLC patients with driver mutations compared to those without such mutations.[@b19-copd-13-2139] However, the proportion of patients positive for driver mutations is relatively small, and conventional chemotherapy, mostly platinum-based regimens, is still the mainstay first-line treatment for advanced NSCLC.[@b20-copd-13-2139],[@b21-copd-13-2139]

The impact of COPD on the outcomes of patients with advanced lung cancer could vary by the proportion of patients with driver mutations, the proportion receiving targeted therapy, and the proportion with advanced lung cancer. Furthermore, few studies have focused on advanced NSCLC patients undergoing conventional chemotherapy. In this regard, evaluating the influence of COPD on the outcome of NSCLC patients undergoing conventional chemotherapy, after excluding the patients positive for driver mutations, could elucidate the clinical impact of COPD on the treatment of advanced NSCLC. This study was performed to evaluate the effects of COPD on the overall survival of NSCLC patients undergoing conventional chemotherapy as the first-line treatment.

Patients and methods
====================

Patient selection
-----------------

Advanced lung cancer patients (stage IIIB and IV), diagnosed with NSCLC between January 2008 and December 2015, were selected among the records of six university hospitals: Seoul St Mary's Hospital, Yeouido St Mary's Hospital, Incheon St Mary's Hospital, Bucheon St Mary's Hospital, St Paul's Hospital, and Uijeongbu St Mary's Hospital. Patients who underwent a baseline pulmonary function test were included in this study.

This evaluation focused on patients with advanced NSCLC at diagnosis who did not undergo surgery. Patients with stage I, II, and IIIA NSCLC were excluded. Furthermore, patients who underwent stereotactic body radiation therapy or targeted therapy, such as erlotinib, gefitinib, or crizotinib, as the first-line treatment were also excluded. Patients with epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK) mutations were also excluded. Patients who underwent conventional chemotherapy as the first-line treatment for lung cancer, and who did not meet the above exclusion criteria, were included in the study. The 7th American Joint Committee on Cancer tumor, node, metastasis classification was used to stage the lung cancer.

The median follow-up duration for surviving patients was 23.9 months (range: 6.1--68.0 months), and the median survival time of censored patients was 7.8 months (range: 1.1--87.9 months).

Chemotherapy
------------

First-line chemotherapy included cisplatin or carboplatin in combination with one of the following agents: pemetrexed (nonsquamous histology), vinorelbine, gemcitabine, or pacli-taxel. Patients who received pemetrexed maintenance therapy after induction by the same agent were included in the study. Patients' age, performance status, and underlying disease were also taken into consideration with respect to selection of the chemotherapy regimen. Physicians carefully observed the toxicity of chemotherapy, and the regimens were changed or stopped if toxicity occurred. Adverse events (AEs) were evaluated according to the National Cancer Institute Common Terminology Criteria for Adverse Events, NCICTC 3.0.[@b22-copd-13-2139] In the event of a grade 3 AE, the dose was reduced until it had dropped to grade 0 or 1, and the treatment was restarted at one dose level lower. The dose was adjusted if any of the following AEs occurred: 1) absolute neutrophil count nadir \<500/mm^3^ for 4 days or more; 2) neutropenia with fever; 3) thrombocytopenia with a bleeding event or requirement for platelet transfusion; 4) platelet nadir \<50,000/mm^3^ for 4 days or more; or 5) grade 3 or higher non-hematological toxicity, except nausea, vomiting, or alopecia.

Definition of COPD and spirometric values as prognostic factors
---------------------------------------------------------------

COPD was defined according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines: forced expiratory volume in 1 s (FEV~1~)/forced vital capacity (FVC) \<0.7. Morris reference equation, which is widely used in Asian population, was used to calculate the normal predictive values for spirometric data.[@b23-copd-13-2139]

Statistical analysis
--------------------

Comparison of continuous variables between the COPD and non-COPD groups was performed by the unpaired *t*-test. Pearson's *χ*^2^ test was used to compare categorical variables between the two groups.

Kaplan--Meier survival curves were used to evaluate the overall survival of patients with lung cancer, and differences were assessed by the log-rank test. The follow-up time for survival analysis was defined as the time (in months) from diagnosis of lung cancer to the date of death or the date of the last outpatient visit. Independent risk factors for mortality were analyzed using a Cox proportional hazards regression model after adjustment for confounding variables. All variables analyzed using a Cox regression model were independent variables.

Only variables that were statistically significant in univariate analysis were entered into the multivariate analysis. Both univariate and multivariate analyses of overall survival are performed using Cox regression model. Hazard ratios (HRs) and 95% confidence intervals (95% CIs) were estimated. Subgroup analyses of never-smokers and patients with stage IIIB cancer were not performed due to the small numbers of patients. For all tests, *p*\<0.05 was considered to indicate statistical significance. Statistical analyses were performed using SPSS for Windows software (ver. 18.0; SPSS Inc., Chicago, IL, USA).

Ethics statement
----------------

The study was approved by the ethics committee at each center (XC16RIMI0084P). The requirement for informed consent was waived due to the retrospective nature of the data. All the data accessed was de-identified.

Results
=======

Demographic and clinical characteristics
----------------------------------------

The total study population consisted of 197 patients; 92 (46.7%) were in the COPD group and 105 (53.3%) were in the non-COPD group. [Table 1](#t1-copd-13-2139){ref-type="table"} shows the comparison of clinicopathological parameters between the two groups. The mean age of the COPD group patients was 69.5±9.4 years and that of the non-COPD group was 64.7±10.4 years (*p*=0.001). The proportion of male patients was significantly higher in the COPD group (85.9%) than in the non-COPD group (*p*=0.002). The percentage of ever-smokers was significantly higher in the COPD group than in the non-COPD group (81.5% vs 64.8%, respectively; *p*=0.009).

The proportion of patients with stage IV cancer was higher than stage IIIB in both the groups; however, there were no significant differences in disease stage between the two groups. More patients had Eastern Cooperative Oncology Group (ECOG) performance status scores 0 or 1 in the non-COPD group compared to the COPD group, but the difference was not significant (*p*=0.515). The proportion of squamous carcinoma was significantly higher in the COPD group than in the non-COPD group (50% vs 22.9%, respectively; *p*=0.001).

The mean absolute FEV~1~ and predicted percentage of FEV~1~ were 1.76±0.61 L and 71.55%±21.97% in the COPD group, respectively; the respective values in the non-COPD group were 2.18±0.91 L and 87.93%±21.70% (*p*=0.001).

Prognostic factors for survival in the study population
-------------------------------------------------------

Univariate analysis showed that older age (\>70 years), high ECOG score (2--3), squamous cell histology, and COPD ([Figure 1](#f1-copd-13-2139){ref-type="fig"}) were significant. In multivariate analysis, poor ECOG performance status score and histology were significant prognostic factors; however, the presence of COPD was not (HR, 1.275, 95% CI, 0.884--1.719; *p*=0.144). The median survival period of non-COPD patients was 11.5 months, compared to 9.2 months in the COPD group ([Table 2](#t2-copd-13-2139){ref-type="table"}).

Subgroup analysis
-----------------

### Ever-smoker

Subgroup analysis of 143 smokers showed that COPD, poor ECOG, and old age were significant in univariate analysis ([Figure 2](#f2-copd-13-2139){ref-type="fig"}). In multivariate analysis, COPD (HR, 1.726, 95% CI, 1.170--2.540; *p*=0.006) and poor ECOG (HR, 2.271; *p*\<0.001) were significant prognostic factors ([Table 3](#t3-copd-13-2139){ref-type="table"}).

### Stage IV cancer

Among the 197 patients included in this study, 154 were diagnosed with stage IV cancer. In univariate analysis, COPD was significant (HR, 1.530, 95% CI, 1.054--2.222; *p*=0.025) ([Figure 3](#f3-copd-13-2139){ref-type="fig"}) along with ECOG and old age. COPD was a prognostic factor (HR, 1.479, 95% CI, 1.020--2.145; *p*=0.039), along with ECOG, in multivariate analysis ([Table 4](#t4-copd-13-2139){ref-type="table"}).

Discussion
==========

The results of the present study indicated that COPD does not have a clinical impact on overall survival in driver mutation-negative NSCLC patients undergoing conventional chemotherapy. However, COPD was a significant prognostic factor in the smoker and stage IV cancer subgroups. From the previous studies, few reports have suggested that the mortality rate of lung cancer is higher among patients with prior COPD compared to non-COPD lung cancer patients.[@b10-copd-13-2139],[@b24-copd-13-2139] However, specifically for NSCLC subtype, studies on the impact of COPD on the survival of cancer patients presented inconclusive results. While the presence of emphysema affects the overall survival of patients,[@b14-copd-13-2139] COPD was not a prognostic factor in advanced NSCLC patients with significant smoking experiences.[@b16-copd-13-2139]

In this study, we focused on advanced NSCLC patients who underwent conventional chemotherapy as first-line treatment, as most patient populations in previous studies were heterogeneous in terms of cancer stage or treatment modality,[@b16-copd-13-2139],[@b25-copd-13-2139] or focused on early lung cancer requiring surgery.[@b13-copd-13-2139],[@b26-copd-13-2139],[@b27-copd-13-2139] Furthermore, NSCLC patients with driver mutations were also excluded as prognosis can differ between patients undergoing targeted therapy versus those who did not.[@b19-copd-13-2139] COPD-related NSCLC cases show a low prevalence of EGFR and ALK mutations compared to non-COPD patients,[@b28-copd-13-2139] and targeted therapy can influence patient outcomes.

COPD was a significant prognostic factor in the smoker subgroup, but not in the overall patient population (which included 54 never-smokers). COPD is an obstructive lung disease that is closely associated with tobacco smoking;[@b29-copd-13-2139] we believe that the impact of COPD on overall survival would be much more clear after excluding never-smokers from the analysis. A previous study on the impact of COPD in NSCLC patients with a smoking history showed shorter overall survival of COPD patients compared to their non-COPD counterparts, although the difference was not statistically significant.[@b16-copd-13-2139] COPD patients with more than 10 years of tobacco smoking history experience more rapid decline of lung function, compared to never-smokers.[@b30-copd-13-2139],[@b31-copd-13-2139] We assume that the decline of lung function and associated frequent exacerbations of COPD would make patients less tolerable to active anticancer treatment.[@b32-copd-13-2139],[@b33-copd-13-2139]

Furthermore, COPD significantly influenced overall survival in the stage IV cancer patients. Although not shown in the results, the proportion of squamous cell carcinoma was higher in the stage IIIB group (51.4%) than in the stage IV group (31.1%) with statistical significance (*p*=0.005). Compared to adenocarcinoma type, squamous cell lung cancer is more centrally located.[@b34-copd-13-2139] Central airway invasion can lead to localized airway obstruction, which can in turn be diagnosed as COPD from initial spirometry tests. However, airway obstruction is one among the many characteristic features of COPD. The proinflammatory microenvironment and progressive decline of lung function, which are other characteristic features of COPD,[@b35-copd-13-2139] would render lung cancer treatment more difficult.[@b36-copd-13-2139] After excluding the stage IIIB cancer patients, a separate analysis of the stage IV cancer patients would have better reflected the impact of COPD on the overall survival of NSCLC patients.

Although not a significant prognostic factor for overall patient population in multivariate analysis, COPD was a statistically significant prognostic factor in the smoker and stage IV subgroups. It may not be a powerful prognostic factor as ECOG performance status, histology, or cancer stage, but our study results suggested that it has an indirect negative impact on the overall survival of advanced NSCLC patients. First, we assume that lung cancer with COPD is a different phenotype, which shows a more aggressive course compared to non-COPD lung cancer. In addition to the effect of smoking, COPD may have other characteristics associated with the mortality of lung cancer. A prospective study on never-smokers showed that prior physician-diagnosed emphysema was significantly associated with lung cancer mortality.[@b37-copd-13-2139] Chronic inflammation in COPD results in increased DNA damage, which leads to a greater probability of lung carcinogenesis,[@b38-copd-13-2139],[@b39-copd-13-2139] and the proinflammatory microenvironment of COPD makes treatment of lung cancer more difficult.[@b36-copd-13-2139] Second, the presence of COPD is associated with other comorbidities, such as cardiovascular diseases, which can affect patient survival.[@b40-copd-13-2139] A recent study in Denmark indicated that cardiovascular comorbidity was a significant comorbidity in NSCLC patients, along with diabetes and COPD.[@b25-copd-13-2139] Finally, AEs associated with chemotherapy are more likely to develop in NSCLC patients with emphyse-matous lungs. Tamiya et al reported that NSCLC patients with emphysematous lungs are 4.95 times more likely to develop interstitial lung disease associated with docetaxel when compared to patients without this change.[@b41-copd-13-2139]

The study had some limitations. First, only a small number of patients with severe COPD were included in the analysis. More than 70% of study patients had an ECOG performance status of 0--1, and the patients with severe airway outflow limitations tended to receive supportive care. Less than 10% of patients were of GOLD grade 3--4 (results not shown). However, the majority of lung cancer patients with COPD have mild to moderate airway obstruction,[@b42-copd-13-2139] so the evaluation of the clinical impact of COPD would not be significantly influenced by the paucity of cases of severe COPD. Second, we did not identify other comorbidities. Cardiovascular disease, which frequently accompanies COPD, may have contributed to decreased overall survival among the patients with COPD in our study population. Third, natural aging could have contributed to diagnosis of COPD among elderly patients. Using a fixed ratio for the definition of airflow limitation is presumed to be inducing overdiagnosis among older individuals.[@b43-copd-13-2139] Finally, the location and size of the lung mass were not described. COPD defined as FEV~1~/FVC \<70% may reflect lung cancer burden and the involvement of the central airway can be reflected in a decrease in FEV~1~.

Although the direct impact of COPD could not be determined, the results presented here suggest that the impact of COPD cannot be ignored in advanced NSCLC patients undergoing conventional chemotherapy especially in smoker and stage IV patients.

Conclusion
==========

COPD was not a significant prognostic factor for advanced NSCLC patients. However, COPD had a negative impact on the overall survival of the NSCLC patients in the smoker and stage IV subgroups. Further studies with larger study population are required to clarify the impact of COPD in both stage IV and smoker NSCLC patients under active lung cancer treatment.
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###### 

Baseline clinical characteristics of the study patients

                             Non-COPD (n=105) (n, %)   COPD (n=92) (n, %)   *p*-value
  -------------------------- ------------------------- -------------------- -----------
  Sex                                                                       
   Male                      70 (66.7)                 79 (85.9)            0.002
  Age (years)                64.7±10.4                 69.5±9.4             0.001
  Stage                                                                     0.235
   IIIB                      21 (20.0)                 25 (27.2)            
   IV                        84 (80.0)                 67 (72.8)            
  BMI (kg/m^2^)              22.9±3.6                  23.1±3.2             0.747
  Smoking                                                                   0.009
   Never-smoker              37 (35.2)                 17 (18.5)            
   Ever-smoker               68 (64.8)                 75 (81.5)            
  ECOG                                                                      0.515
   0--1                      85 (81.0)                 71 (77.2)            
   2--3                      20 (19.0)                 21 (22.8)            
  Pathology                                                                 0.001
   Squamous                  24 (22.9)                 46 (50.0)            
   Non-squamous              81 (77.1)                 46 (50.0)            
  FEV~1~ (L)                 2.18±0.91                 1.76±0.61            \<0.001
  FEV~1~ (% predicted)       87.93±21.70               71.55±21.97          \<0.001
  FVC (L)                    2.78±0.91                 3.08±1.04            0.118
  FVC (% predicted)          82.10±20.54               86.84±21.82          0.029
  FEV~1~/FVC (% predicted)   77.39±6.11                57.65±9.19           \<0.001
  DLCO (abs)                 16.43±15.87               16.65±16.22          0.926
  DLCO (%)                   76.19±20.99               73.38±20.89          0.400

**Abbreviations:** Abs, absolute; BMI, body mass index; COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity of the lung for carbon monoxide; ECOG, Eastern Cooperative Oncology Group; FEV~1~, forced expiratory volume in 1 s; FVC, forced vital capacity.

###### 

Univariate analysis of clinical variables affecting overall survival of the patients

  Parameter       Hazard ratio   95% confidence interval   Median survival (months)   *p*-value
  --------------- -------------- ------------------------- -------------------------- -----------
  Sex                                                                                 0.371
   Male           1.188          0.819--1.710              8.7                        
   Female         1                                        14.3                       
  ECOG                                                                                \<0.001
   0--1           1                                        11.5                       
   2--3           2.337          1.587--3.441              5.4                        
  Age (years)                                                                         0.023
   ≤70            1                                        11.6                       
   \>70           1.461          1.058--2.018              7.3                        
  Stage                                                                               0.757
   IIIB           1.060          0.732--1.535              8.4                        
   IV             1              1                         10.7                       
  BMI (kg/m^2^)                                                                       0.623
   \<23           1.083          0.787--1.492              9.2                        
   ≥23            1                                        10.8                       
  COPD                                                                                0.037
   None           1                                        11.5                       
   Yes            1.402          1.020--1.927              9.2                        
  Smoking                                                                             0.398
   None           1                                        13.9                       
   Yes            1.161          0.821--1.640              8.7                        
  Histology                                                                           0.004
   Squamous       1.641          1.173--2.295              7.8                        
   Non-squamous   1                                        12.5                       

**Abbreviations:** BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; COPD, chronic obstructive pulmonary disease.

###### 

Univariate and multivariate analyses of prognostic factors for overall survival in smokers (n=154)

  Parameter          Univariate analysis   Multivariate analysis                                  
  ------------------ --------------------- ----------------------- ------- ------- -------------- ---------
  Presence of COPD                                                 0.019                          0.006
   COPD              1.585                 1.080--2.327                    1.726   1.170--2.54    
   Non-COPD          1                                                     1                      
  Male               1.443                 0.876--2.379            0.150                          
  ECOG                                                             0.001                          \<0.001
   0--1              1                                                     1                      
   2--3              2.303                 1.433--3.702                    2.602   1.603--4.221   
  Squamous           1.567                 1.067--2.302            0.022   1.316   0.881--1.964   0.180
  Age (years)                                                      0.009                          0.144
   ≤70               1                                                     1                      
   \>70              1.667                 1.134--2.448                    1.355   0.902--2.036   
  Stage                                                            0.543                          
   IIIB              1                                                                            
   IV                0.877                 0.576--1.337                                           
  BMI (kg/m^2^)                                                    0.929                          
   \<23              1.017                 0.696--1.488                                           
   ≥23               1                                                                            

**Abbreviations:** COPD, chronic obstructive pulmonary disease; ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; FEV~1~, forced expiratory volume in 1 s; FVC, forced vital capacity.

###### 

Univariate and multivariate analyses of prognostic factors for overall survival in stage IV NSCLC patients (n=151)

  Parameter          Univariate analysis   Multivariate analysis                                   
  ------------------ --------------------- ----------------------- -------- ------- -------------- ---------
  Presence of COPD                                                 0.025                           0.039
   COPD              1.530                 1.054--2.222                     1.479   1.020--2.145   
   Non-COPD          1                                                      1                      
  Male               1.103                 0.741--1.641            0.630                           
  ECOG                                                             ,0.001                          \<0.001
   0--1              1                                                      1                      
   2--3              2.335                 1.507--3.617                     2.271   1.466--3.519   
  Squamous           1.365                 0.916--2.035            0.126                           
  Age (years)                                                      0.012                           0.189
   ≤70               1                                                      1                      
   \>70              1.616                 1.113--2.348                     1.306   0.877--1.944   
  Smoker             1.080                 0.735--1.588            0.694                           
  BMI (kg/m^2^)                                                    0.737                           
   \<23              0.939                 0.649--1.358                                            
   ≥23               1                                                                             

**Abbreviations:** COPD, chronic obstructive pulmonary disease; ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; NSCLC, non-small cell lung cancer.
